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Aviation fue! contamination traditionally
malfunction. or, ut best, in power loss or startup malfuaction during groun! operations. The
purpose ol all engine/fuel specification requirements is to minimize the likelihood of fuel-related
incidents. Requitements can become more severe and less realistic with time to the extent
that pass/fail criteria may be challenged by ecither fuel refiners or engine/component manufac-
turers. This process of challenge and review of requirements often proves beneficiul to both
industrial and militury interests who share a common goal of maximum systems performance

at minimum cost,

The contaminant pack-
age for test luids used in
aviation gas turbine engine
component  and  systems
qualification testing under
AV-E-8593B  has  come
under some  criticism  for
being unrealistically severe.
This  in  itself  would
not be grounds for relaxa-
tion of contaminant size/
type criteria since qualitica-
tion testing must be severe
to provide accelerated
representation of com-
ponent life expectancy. A
more pertinent and signifi-
cant question is whetier or
not the AV-E-85938 con-
taminant package (see
Table 1) is now repreacita-
tive of the type of con-
taminants encountered in
field Army aviation opera-
tions, since this package has
evolved over the years with
ingredients being added as a
result of specific military
occurrences  or  operating
environiments.

Thus there is a basis
for a dual argument, quan-
tity and character. for re-
definition of this contami-
nant test package. Such
action. however, should be
based upon exact

I, INTRODUCTION

manifests itself in some form of

TABLE 1. IFUEL CONTAMINANT PACKAGE FOk AV-E-85938
ENGINE COMPONENT QUALIFICATION TESTING

in-flight

Caontminant

Particle sive,
um

Quauntity,
#1000 gl

l

Ferrous-Ierric fron Oxide
(e, 04 Black volor,
Magnetite)

Fetric Iron Oxide
(Fe, O, Hematite)

Ferriv ivon Oxide
(Fe, 0, Hematite)

Crushed Quartz
Ciushed Quurtz.
Crushed Quartz
Crushed Quart,

Prepared dirt conforming
to A.C. Spark Plug Ca.
Part No, 1543637

(Coarse Arizona road dust)

Cotton linters

Crude napthenic acid

Salt water prepared by
dissolving salt in
distilled water or ather
wilter containing not
maore thun 200 parts por
million of total solids,

-5

0-5

5-10

150- 300
300- 420
420-1000
1000-1500

Minture as follows:

0-5 (129%)

5-10 (12%)
10-20 (14%)
20-40 (235%)
4{-R0 (3(¥1)
R1-200 (9%)

Prime cotton linters,

First Cut Staple No. 7
(U.S. Departinent of
Agriculture Grading
Standurds) us pround

in a Wiley Mill and screened
through a 4 mm screen

4 narts
by weight of NuCl

96 parts
by weight of H,Q

14.0

i.5
(30)*

1.0
1.75

0.25
“)*

KR.0)*

0.1

0.03% by

0.01% by

vol entrained
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knowledge of the spectrum of contaminants actually encountered by Arimy aircraft under realistic
conditions, A reasonable approach was to collect representative fuel samples during both routine
and intense operational situations, During May 1976-March 1977, tepresentatives of the U.S.
Army Fuels and Lubricants Research Laboratory (AFLRL) collected and analyzed some 219
samples from seven diverse Army aviation activities. One of these, at Ft. Hood, Texas, may be
considered more-or-less routine, while the others were the sites of intense training operations. These
are detailed in Tables 2 through 13 in Section IV, In addition to aircraft samples, it was considered
pertinent to obtain samples at key points in the fuel supply systems (e.g., underground storage
tanks, tank trucks, railcars, etc.).
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Il. FIELD SAMPLE COLLECTION

In Apnrl 1976, formal permission was secured from Headquarters, Forces Command
(FORSCOM), Fort McPheison, Georgia, to collect JP-4 fuel samples from aircraft and other fuel
supply points participating in the following exercises held during 1476-1977;

SOLID SHIELD
BRAVE SHIELD X1V
BR/ */E SHIELD XV
REFORGER*
GALLANT CREW

In addition, coordination with cognizant auckoritics at Fort Hood, Texas and Fort Bliss, Texas
resulted in the securing of samples from these two posts under both routine and special training
exercise situations.

Drior to cbtaining samples, tamiliarization with various helicopter fuel systems was accom-
plished at Corpus Christi Army Depot (CCAD), Corpus Ch:isti, Texas where the fuel systems of the
UH-1, AH-1, OH-6. and OH-58 were made available to AFLRL technical personnel, and aircraft
drain system operations and mechanisms were explained. Based upon the knowledge obtainzd
during th¥- fumiliarization exercise, the following technique for sample collection was developed:

(a) Clean around aircraft fuel sump drain to remove al! forcign matter.

(b) Open sample container (525-ml Nalgene lincar polyethylene bottle) while in place under
sump drain.

(c¢) Activate drain as necessary to fill sample bottle.

(d) When bottle is full, place cap on container while in place under sump drain to avoid
inciusion of foreign material.

(e) Record aircraft registration number. type, sampling point, last aircraft refueling location,
type of refueling, and type of mission flown,

() Return sample immediately to AFLRL for analysis.

This sampling technique was the procedure used by AFLRL personnel at all locations.

*Required coordination with Headquarters USAREUR.
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i, LABORATORY ANALYSIS

Each sample was analyzed sequentially as follows:

Step 1. Visual Inspection (see Figure 1)--for a generai estimate of the degree and type of

contamination.

Step 2. Tvndall Cone (see Figure 2) -a light-scattering technique tor qualitative evaluation of

particle size distribution of suspended material, A light beam is projected into the sample through

the bottom of the sample vial, Particle teflectance as seen in a darkened room permits estimation of

particle size and degree of contamination. The tvpe of filtration required can be determined.

Step 3. Cascade Filtration (see Figure 3) - The total fuel sample is iltered vertically through a
stacked column of filter elements of decreasing porosity. FFor those samples deemed relatively clear,
only two porositics, 8 and 0.45 pm. were used: for samples having higher particilate content,
stacked filters of 1000, 500, 300, 102, 52, 26, 8. and 0.45 pm were used. The 8- and 0.4 8-um fittens
were cellulose acetate and the others were nylon mesh.

Step 4. Gravimetric Analysis (see also Figure 3)-The filters were heptane rinsed and drved.
The net weight increase of each filter was recorded. This, plus knowledge of cach filter's porosity,
resulted in mass distribution histogram data for the select particle size differentials,

Step 30 Phoromicrographic Analysis (see Fipure 4)--Filter olements were examined under a
microscope (20-60X) and those having significant contaminant were photographed at 4X,

FIGURY 1. VISUAL INSPECTION FIGURE 20 TYNIZALL CONL APPARATUS




FIGURL S0 X-RAY I'LUORI-SCENCE SPECTROMI TER

FIGURE 4. PRHOTOMICROGRAPHIC APPARATUS

Step 6. X-Ray Fluorescence Analvsis
(see Figure 5)—All filters were subjected to
encrgy dispersive X-ray fluorescence
analvsis (XRF), a nondestructive technique
for clemental assay. Virtually all clements
can be quantitatively identificd by XRF.
The significant elements detected  were
iron, aluminum, silicon, phosphorus, sulfur,
calcium. chromium, titanium, copper. and
zinc. FFrom the distribution of these ele-
ments, estimation of the mineralogical and
metallic makeup can be made which facili-
tate confirmation by more sophisticated
methods.

Step 7. X-Ray Ditfraction - Selected contaminant materials were removed from some of the
filters and analyzed by X-ray powder diffractometry. The diffraction patterns were compared to
ASTM powder data file standards. Compound composition and crystalline structure were then

determined.

Figure 6 presents a flow schematic for the above analysis sequence.

o e "




VISUAL INSPECTION

i TYNDALL CONE {NSPECTION

PARTICULATE MATTER > 10 um NEGLIGIBLE CONTAMINATION
MULTIPLE ELEMENT CASCADE FILTRATION 2-ELEMENT CASCADE FILTRATION
(1000, 500, 300, 102, 52, 26, 8, 0.45 um) (8, 0.45 um)
GRAVIMETRIC GRAVIMETRIC
ANALYSIS ANALYSIS
PHOTOMICROGRAPHY ’
L] i
X-RAY FLUORESCENCE X-RAY FLUORESCENCE '
SELECT PARTICULATE MATTER SELECT PARTICULATE MATTER

X-RAY DIFFRACTION

& Mass and Particle Size Distribution
o Elemental Analysis and Compound ldantification

FIGURE 6. CONTAMINANTS ANALYSIS SEQUENCE FOR JP4 SAMPLES




V. RESULTS OF ANALYSIS

JP-4 particulate contaminants data tor the several operational sites are summarized in Tables 2
through 13. Lab swmple numbers, simple dates, and aireraft/unit identification are self~explanatory.
Particulate concentrations (in grams per thousand gallons) have been caleulated and reported as the
oxides of the metals even though the element is determined by Xeray fluorescence. Reporting all
fron as Fe, Oy, all silicon as 8i0, (quart2). all sluminum as Aly Oy, and all caleium as CaQ is the
only possible way ta permit comparison of data to AV-E-8593B values.

Numbers in parentheses (30.0, 4.0, and 8.0) at the bottom of certain columns represent the
AV-E-8593B levels for iron oxides, silicon dioxide. and *road dust™ (see Table 1).

A. Hood AAF, Fart Hood, Texas (1976)

Prior to participating in scheduled Army ficld training exercises, AFLRL personnel took
Fhdrain samples from gireraft at Hood AAT. These aireraft were either used in routine training
operations with Second Armored Division stationed at Fort Hood, or were transient aireratt under-
going periodic maintenance. Visual inspection and subsequent filtration and gravimetrie analysis
(see Section 1D shawed contaminant levels (see Table 2) tor all smuples to be lower than
AV-E-8593B levels. so no cascade filteations were performed. This was intended as a ficld/lab
familiarization exercise as well as to provide initial data.

All aireratt samples were taken at belly sump drain points, since sampling (rom other points in
the aircraft woukl have entailed disassembly of internal fuel system components and consequent
interruption of the air support mission. All sump sumples* actuvally represent maximum particulate
contatnination accumulated between preflight or maintenance sump drain operations,

B. Oak Grove AAF, Solid Shield, Fort Bragg, North Carolina (1976)

In this first sampling from a formal excrcise, relatively low contamination was found in
26 samples from active aircralt and 3 samples from nozzle and bladder/sump drains at the fixed fucl
point at Ouk Grove AAT (see Table 3). For this reason, no cascade filtration was performed.

C. New Mexico ANG Training Exercise, Biggs AAF (1976)

Three samples in Table 4 (6466, 6476, and 6486) had such high contaminant concentrations
that cascade filtration was indicated. Data for this analysis are given in Table 5. These three samples
were collected from the Biges (Fort Bliss) AAF underground fuel storage complex? Samples 6466
and 6476 were obtained with a sampling thiet from tanks three and five, approximately 1 inch
above cach tank bottom. All tanks had been cleaned and filter elements changed February 1976,
some 90 to 120 days prior to AFLRL sampling. Sample 6486 was taken immediately downstream
of the filtration system serving tanks 3 and 4 jointly. Note that tunks 4 and 6 center samples (6471,
6481) had far less contaminant® as compared to the other samples in Table S, but still had quite
high levels as compared to most aireraft samples, The sample taken immediately downstream of the
joint tank 5/6 tiltration system (6493, Table 4) showed virtually no contamination,

——
*LE et torward: RE nghe forwards LR left rears RR right tear, LM feft maing RM right main: ' torward, A alt.
tUnder control of Dircetorate of Idustrial Operations Petroleum, Olls, Lubricants (MO-POL).
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A =

Contaminant concentration for the five extreme cases (Table 5) are expressed in
£/1000 gallons for consistent comparison to the preceding tables, and particle size distribution in
micrometers (um)* has been determined by gravimetric und X-ray fluorescence analyses which give
net particulate mass and predominant clements, respectively, Determination of compound class
from clement distribution was quite straightforward, For simple 6466, iron compounds comprised
99 to 100 pereent of the mass down to 300 wm, and comprised 80 to 90 percent thercafter to 8 um,
The balance was silicon, and subsequent X-ray diffraction analysis confirmed that all iron was
present as Fea Oa, Fey Q4 or FeO(OH) and all silicon as Si0y . The same was true for simple 6486,
except that more Si0, was present in the 8- to 500-um range. Sample 6486 had. in addition to iron
oxides and quartz, significant amounts of caleitm and aluminum. Again, X-ray diffraction con-
firmed these elements to be present as calcium aluminum silivates (Ca Al; $i,O0g), o claylike mate-
rial indigenous to the southwest United States.

Table 6 presents particulate distribution data for the four aircraft having highest contaminant
levels from the Fort Bliss (Biggs AAF)Y operation. No mass distribution data could be obtained for
sumples 6487 or 6492 since all particulate matter was captured on & and 0.45-um filters and
consumed for X-ray ditfraction analysis (o determine compound class distribution. 11 is significant
that the values for these samples approached specification levels and came from aircraft having
recently completed several NOE missions over desert tervain,

D. BRAVE SHIELD XIV (1976)

All samples for BRAVE SHIELD XIV were taken at the single fixed refucling point at Yakima
Firing Range, Washington, Duta are given in Table 7. Again, contaminant levels for 23 samples from
aircraft belly drains und 3 samples from refueling trucks were found to be below specification levels.
For this reason, no subsequent gravimetric analysis was deemed necessiry.

E. REFORGER, Germany (1976)

Advanced coordination with USAREUR resulted in an AFLRL staff member participating in
this OCONUS exercise. Some 38 aircraft bellydrain samples (see Table 8) were taken at several
aircraft deployment positions. 1n addition, numerous sutnples were taken upstream and downstream
of individual bladder-filtration units and at cxit nozzle points. Since one of the points of supply
prior to the hardpoint refueling stations was a railroad tank car, it was possible to obtain samples
from the tank car itself and after filtration through the discharge filter separator. Sample 6600
shows a total nonferrous oxide level of 16.566. Of this quantity, 15.806 was found to be composed
of a silicon compound. This was attributable to a single tuft of inorganic material, and cascade
filtration was therefore not required. The source of the tift remains unknown: it was downstream
of the filter separator. It is quite likely that subsequent filtration would have removed this item
from the fuel flowstream.

Three aircratt samples, 6594, 6603, and 6614, were found to have sufticiently high particulate
concentrations to warrant cascade filtration and subsequent X-ray difraction analysis for compound
class. These are given in Table 9. For sample 6594 (AH-1G No. 70-16045), it was found that iron
oxide particulates were distributed across the total range of filter porosities. Quartz and calcium
silicates took the torm of rather fine particles in the 8- to 52-um range while zine compounds (likely
from paint) were in rather large chips of sizes in excess of 1000 um. For 6603 (OH-58A
No. 71-20497), cnormous quntities of iron oxides and zine compounds of relatively large particle

*Commuonly referred 1o as microns ().
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TABLE 5. PARTICULATE S1Z1E, MASS, AND CLASS DISTRIBUTION

FOR BIGGS AAF UNDERGROUND STORAGE TANK SAMPLLS

.. ) . Estimated particulute cnm;:mm} un_,ﬁJ'O(\O pal
M.::pk Location (""“,‘lf::':'"d =000 [ 500-1000] 300-500 | 102-300 52102 26-52[ 8-26 [ 0.458] .~
' M uim uim um Hm am um | oum | oum !
6466 Biggs AAEF DIO-POL | tron oxides® | 203 100 58 96 97 85| 70] Nil 709
Tank 3 Bolloms Quaniz Nil Nii Nil 8 8 16] 131 Nil 45
6476 Biggps AAEF DIO-POL | tron oxides® | 991 270 270 1890 1060 | 1040) 196| NIl [§737
Tank § Bottoms Quarlz Mit Nil 23 154 199 1951 37| Nil g
Biggs AAF DIO-POL | Tron oxides® [ NIt Nil Nil 135 9 1 Nil INit Nil 144
6486 | Nozzle Duwnstream | Quarts 29 142 287 3 13 ] Nil | Nil Nil 674
of Tank 3/4 Filer Calcium
silicatest 2 9 19 13 | Nit | Nil Nil 44
Biggs AAF DIOPOL | tron oxides? d d d d d d | d 1
Center of Tank 4 Quartz d d d d d d 2 d 2
6471 .
Calcium
silivates’ d d d d d d 1 d |
Biges AAF D10-POL | fron oxides? d d d d d d 8 d 8
Center of Tunk 6 Quanz d d d d 2 d 2
6481 5
Calelum
silicates” d d d d d d 1| d 1
HAsFe,0,.
As 810, (o-quartz).
€As CaAl, §i,0,.
S AN particulate matter collected on Bum I‘illrer and consumed dur{ng XRD analysis.
TABLE 6. PARTICULATL SIZE, MASS, AND CLASS DISTRIBUTION
FOR BIGGS AAF-REFULELED AIRCRAFT SAMPLES
. . i ) Estimated patticulate c«wnpcnl;:ntiula, ﬁl 060 gal
Sumple Aircraft Compound [ 3G0aT355-1000] 300-500] 102-300 ] 52-103] 26-52] 8-26 [0.45-8
no, (unit) class Total
_ ! Hin um uim uim uim um HiN am
6496 OH-58A. 7T1-20667 | Lron oxidesd ! N Nil 0.18 0.07 Nil Nil Nil Nil .25
(3rd Air Cav) Quart2® Nil Nil 0.05 1.1 0.15 Nil Nil Nil 1.3§
6499 AH-1G, 70-15953% | lron osidesd | Nil 0.02 0.20 0.02 Nil Nil Nil Nil 0.24
(3rd Air Cav) Quartz¥ Nil 0.27 1.10 0.40 Nil Nil Nit Nil 1.711
AH-1G, 7|-209a4" lron nxidesd 9 ¢ 3 Y 2 2 1.00 3 1.00
(3rd Air Cav) Quarts® L * B i 2 g L1003l e | 1003
6487 .
Calcium
silicutcsr ¥ 2 £ g e B 394 9 394
AHL-1G, 71-20984% | Tron ovides? | R £ ¢ M g | 057 ¢ 0.57
ir Cu artz® . . . : : . \ p)
6492 (3rd Air Cav) C‘iu.u:l/ e 3 [ ¢ 2 3 227 p 221
Calcium
silleates 9 g e % » 3 095 ¢ 0.98
Ikront Drain.
TAft Drain.
“Front Drain.
“AsFe,0,.
“As 5i0, (a-Quartz).
fAs CaAl, i, 0,. _
Ball particulate matter cﬁullcclcd on B-um I‘i]lcr and conswined during XRD analysis.

18




(R 0001, 7 100°0>) A2UdDION]] ANY-X £Qq UONNJOLIT JO MUY FAmMO] MOJIf - TIN 1
"OrD + 01V + QIS = SIPINQ SPOMDJ-UON Ec._.m i
wrd 9] uryl $$9] 19312W MEmoIrd [TV 5
OR) + fOTIV OIS T T0 TR ST PAIRMOF)g
PINLL GEESH-T-AY 10 MUY Ajraads 101 (BR 0H(1, T UONEIIUAIUGD PRIRUFSAP IR SHAYIUAD Ul MaquIny (SII0N
0TH 0y e {ee0)
47 ] i 0 | 1IN it~ N N | fei'o o)l yipiy | HEHN | 98L1T-€0 | SL€TR | £959
ER IS0 LR VS | BN Lo o) usv P UIES | HI-MD | 18E91-0L | 9L€T8 ) OLSI :
41 LL1°0 0500 OSy e | BN L1’ oJuay P WFS | HWI-HN 1 91991-99 | 9L-€08 | 6959 1
- 00 SEyn SE ol iN CHI'D | 0D UAY Yig "d0osl 0. | V8S-HO § 11£S1-0L | 92-€T-3 | $999
41 00 BN N [LhN L1030 ug ey g | I | £T991°99 | 9L-€T8 | 8959 ;
41 990°0 N N N 990'0 ug Uy N6 | HI-HY | $8£91-0L | 9L-€T-8{ ¥959 K
- L0710 BN [0 i L0 v g ue | V8S-HO | FSTSI-0L | 9L€T8 6559
47 980°0 N BN N h 986y A6 | HI-HD | €TL91-69 | 9L€T-8 1 LSS9 e
- 881 881} L8°0 ) juro L E690 | A W6 | Y8SHO | 98S0T-1L | 9L-€T8 | 559 }
- L1960 £194) Sry} 1IN teynt r6C 0 A e | W8SHOQ | £9L0T-1L | 9L ET8 ] ¥589 i
47 <10 | X N I~ '\ F1 0 o) U Yi91] HI-HD | £90L1-99 | 94-€C°8 9559 :
R 80 QS1y' 6 osoal [N 3 BN ) BL1H CRAELR AL HI-HD L966°€9 | 9-£R | €999
a1 1+1°0 X It™N oxo | 110 o)UY 13971 HI-H | 9580099 | 9L-£0-8 7999
i1 011G N (LA N _ AN Fuln o)yny n9l; HI-HY | 6§T91-89 | 9L €08 | 6959
471 £860°0 [ L 10N N LN 680°0 O U HIG[] MM | Slenc-1L | 9L-€C8 £589
a1 LTy SS0'y 9Syfr ] N | BN | SIT0 | Ruy uswn oy mvore MM | 1215169 | 94608 | €689
a1 [ 2R v SO0 T €110 | e 1y g tdool] . HI-HY | 6YLS1-89 | SL€UR 8re9
- Lyt 0ot SuT o | £9yu lyr L] S0l | ar BV g tdeos), VRSHO | iRl | 9L€08 | usse
- €93t IS e 9o § ¢t o | veo | R1u T | ard v g tdour), VEEHO | treoud-1L | 9L€T8 [ 6FSY
- £130 rio0 vi0¢g | BN un | 6610 | amd nv as tdeory . [ VRGO | 080T 1L | -ET8 | LPSY
a1 8510 N UN N 8r1°¢ | At nv g ooty 1. 1I1-11 | 1SE61-89 | 94-€¢-8 16€9
- Lrel 66’1 [LhY 66l 1| 800 Amy AV g 9L-ETR| 9989
- LIg°] ] geLn | BN K& ] 61570 AT UV YIS - - 9L-£T-8| 1959 ) ]
- 310 | N N LAY 10 AR AV Y8 9L€C-8 ] 8SSI 1
EY 1791 RL€7d Tich Sty | £rC0 WOoOAHId T ISVVSI WIS | sorgote | 94€T°8 9+$9 1
El 9L 0 sy s [CAN ro9lu IO TISVYS) M-I | 6CrITrL | SL€E8 3 2% |
o
SWTWWTWo) § 5 SPINQ S N . . 1
dumng aArnanng SNOIED J-UON LH) ™ IS , RW B 1 s ouEa a1 o :
y : q q a” 1 a ! wroay |oarsay apdrrg
mog | 0], | AN ;
s.anm GOO1/3 ‘UONRIIUIZUO)) JUTINIHIRY 1 ] | ]

AIX GTAIHS AAYHE J0 1 SNOILVIINIINGD INVNINVINOD 1LY INDILEVE vdl LTIV




E
TABLE 8. JP4 PARTICULATE CONTAMINANT CONCENTRATIONS FOR REFORGER
: _ Purticulute Concentration, g/1000 gl *
. . . Total Totl
Sumple A.ltmm Munf“ Unit b s AL INonskerrous| Bartieutare Sump
ne. feg. na. type Oxides® | Contaminants
6379 | 71-20142 UH-11 “AM Co, Sth Trans Bn 00121 o854 Nid | 0.026 0.880 0.992 RfF
6578 ( 71-20142 UH-1H “AY Co, Sth Trans Bn 26 | 0983 | Nil | 0039 0.992 1.208 L¥ T
! 6613 | 7422359 UK H “A" Co, §th Trans Bn 0.049 | Nil Nit Nil Nil 0.049 RF
6612 | 74-22359 UH-tHl A" Co, Sth Trans Bn 0178 | 0894 ] Nil | 0122 1.016 1.194 L
6591 | 69-15369 UH-1H “AT Co, Sth Trans Bn (L098 Nil Nil | 0.029 0.029 0.127 RF s
6590 | 69-15369 UH-H “A* Co, §th Trans Bn 0129 | 1095 Nil Nil 1.095 2.0719 L¥
6593 | 69.15754 UH-tH “A™ Co, Sth Trans Bn [INRR Nil Nil | (.028 0.025 0.136 RF
6592 | 6915754 UH-1H “ATCo, 5th Trans Bn 0074 Nil Nil | 0.042 0.042 0.116 LF
6586 | 73-21709 UH-1H A" Co, §th Trans Bn (.09 Nil Nil Nil Nil 0.098 RF
2 6S8S | 7321709 UH-111 A Co, 5th Trans Bn 0.123 Nil Nil | 0.029 0.029 0.152 LF E -
- 6584 | 7015798 UH-1H “A” Co, §th Teans in D130 | 1328 Ni 0.050 1.378 1.508 LI .
6582 | 66-19135 CH478 YA Co, Sth Trans Bn 0.429 1558 [ 0466 | 0,151 2.175 2.604 R 3
6581 | 66191238 CH4TH YA Co, 5th Trans Bn 186 | 0791 [ 0276 | 1R 1.284 1.470 L 3
6580 | 6715721 AH-1G AT Co, Sth Trans Bin 02971 2945 1 08494 0,181 l.6dd 3.94) F
6594 | 70-16045 AH-1G YA Co, Sth Trans Bn High Particulate Concentration, See Table 9 21,550 I
6583 | 70-15238 OH-58A “A" Co, 5th Trans Bn no7s Nil Nil Nil Nil 0.075
6589 16816977 | omsBA | A costhrransin 0863 0473l N Joaro | oeds | 1206 B ]
6588 | 67:17672 UH-1H “8% Co, §th Trans Bn 0228 | 7.182 Nil 10013 7.265 7.49) RF
6587 | 67-17672 | UN-1IL “BY Co, 5th Trans Bn 0,237 1 1899 | Nil 10038 | 1937 2.174 ] LF
6595 Pol-Rupid Refill Point D™ Co,426 S&S Bn 0.122 Nil Nil Nil Nil 0.122
6596 Pol-Rupid Refill Point “D™ Co.426 S&S Bn 0.158 Nil Nil 0,043 0.043 0.198
65917 Pol-Rapid Refill Point “D" Co,d26 S&S Un 0.056 Nil Nil Nil Nil 0.056
6598 | 1G1216 L Tank Truck | “D" Co, 426 S&S Bn _ 1 0.068 Nil Nil Nil Nil 0.068 B
6599 | 007.0-323-9P| Railway 493 S&S Co, &87th Maint Bn | 0,102 Nil Nil 10,037 0.037 0.139 .
tank car =
6600 | 007.0-323-9P| Railway 493 S&S Ca, 87th Maint Bn | 0683 [15.806 | Nil 0.760 16.566 17.249
fank _car
6601 | 70-15561 OH-SBA 175 Av Co, Ist Arm Div 0.360 | 0940 | 0463 | 0.107 1.511 1.871 .
6602 [ 7221405 | OM-58A [ 178 AvCo, st Arm Div [0.245 | Nt [0.346 ] 0.131 0.477 0.722 ) .
6603 | 71-20497 OH-58A 25 Av Co, VII Corps High Particulate Concentration. See Table 9 138.900
6604 | 70-15172 OH-S8A 25 AvCo, VIl Corps 0136 | 0658 10518 ) 0.071 1.247 1.383
6606 | 70-15771 UH-1H 25 Av Co, VI Corps 0.087 Nil Nil Nil Nil 0.087 RF E
6605 | 70-158771 Ull-1H 25 Av Co, VII Corps (.72 Nil Nil Nil Nil 0.072 LF
6611 | NKO2VN Tank truck | 25 Av Co. VII Corps 0.097 Nil Nit Nil Nil 0.097 ]
6610 | 6R-15755 UH-TH HHC 2nd Support Cam 0114 Nil Nil | 0.070 0.070 0.184 RF 4
6609 { 6B-15755 UH-iH HHC 2nd Support Com 0.095 Nil Nil Nil Nil 0.095 LF 3
6608 | 73-21770 UH-1H HHC 2nd Support Com (LO96 Nil Nil (1.022 0.022 0.118 RF E -
6607 [ 7321770 | unan HHC 2nd Support Com 041 | NI | NI [oa24 0424 | o0.268 LF ¥
6618 | 74-22329 UH-11 30th Trans Co 0.162 | DYRS Nil 1.029 1.017 1.179 RF '
6617 [ 74.22329 UH-1H 30th Trans Co 0.133 | 0.836 |0.385 | 0.038 1.259 1.392 L¥
6620 | 6512773 UH-1lt 30th Trans Co 0.099 Nil Nil Joneg 0.068 0.167 RF
6619 | 6512773 UH-1H 30th Trans Co 0.085 Nil Nil Nil Nil 0.085 LF
6622 | 6917126 CH47C 30th Trans Co 0332 | 1.153 | 0.746 | 0.364 2.264 2.596 RF
6621 | 69-17126 CH-47C 30th Trans Co 1.464 | 5433 10.849] 0.568 6.850 8.314 LF
6623 | 7015127 | OH-38A | 30th Trans Co 0093 | N | Nt [ onsa 0.054 0.147 RF
6615 | 71.20838 OH-58A B Troop 2/17 Cav 1523 1 2468 1 1.501 1 0.485 4455 5978
6614 [ 71-21031 AlU-IG “C* Troop 2/17 Cav High Particulate Concentration. S'ec Table 9 54,890 F :
30.0y  (4.) 8.0 (42.0)
. Notes: Numbers in purentheses are designated concentration (¢/ 1000 gal) Yor specilic constituents of AV-E-85938B fluid. 5
, BCaleuluted us Fe, 0,, §i0, . A1, 0, + Ca0. .. d
\ 3 Al particulate matter less than 10 pm.
! “Total Non-Ferrous Oxides = $i0, + Al, 0, + Ca0. ;
F ! Nil- Below tower limit of resolution by X-Ray Fluorescence (<0.001 /1000 gal), .
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size were found. These were likely from fuel system rust and ingested paint compounds. For sample
6614 (AH-1G No. 71-2103 D). contamination stemmed both from iron oxides and quartz. The
uniform distribution of both contaminants indicates that the source would be both fuel system rust
and clay or sand-like materials ingested into the fuel system during refueling or maintenance
operations,

F. BRAVESHIELD XV, Eglin AFB, Florida (1976)

Thirty aircraft belly-drain samples were taken and two samples from tank trucks used to refuel
these sume airceaft (see Table 10). In this operation, four individual aircraflt (samples 6664, GG6S,
6666, and 66067) were found to have significant particulate contamination and were cascade
filtered. Data for these four aircraft are given in Table 11, For sample 6664 (OH-58A
No. 70-15613), the dominant contaminating material was quartz, the likely source being sand
ingested during refueling or maintenince operations. Although contamination was somewhat less
for the other three samples. the domination of quartz is still apparent and is not surprising because
of the location of this exercise.

G. GALLANT CREW, Fort Hood, Texas (1877)

Two of the 32 aircraft belly-drain samples for this exercise required cascade filtration (see
Tuble 12). At least three other samples (6897, 6898, und 6901) hud total nonterrous oxide con-
tamination at a level to wareant cascade filtration, but since no Tyndall Cone effect was observed,
this could not be ascertained until after initial tiltration. For smyple 6895 (CH-47C No. 70-1 5008),
principal contamination stemmed from both quartz and caleium silicates, indicating a mixture of
sund und clay from outside sources (see Table 13). To a lesser degree iron oxides were present, again
likely from fuel system rust. Sample 6914 (CH-47C No. 70-15019) had roughly the same relative
distribution of quartz, caleium siticates, and iron oxides, although at a considerably lower level,
Such clay=sand mixtures arce indigenous to the Fort Hood area.
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TABLE 12, 4 FARTICULATE CONTAMINANT CONCENTRATIONS FOR GALLANT CREW
" i
Pariiculate Concenteation, p! 1 600 1'.ll."
; Sanple Attt Alvratt b » b Total Tetal
- R Date At b Lyt Te S.“ Al Ca Noni-l etiaus MFarhculate Sump
: b fin fep fo e Oandes © Contamgnants
I L AR NN N i —
ORT8 L2g? Bladder No 1 [1Mh COSUOM no1? 1628 it fante 066 [(AZY
aR7Y L2877 Bladder Noo MLl COSCOM (HOsK N Nil Ni N1l (LUSR
HRRN L2877 .- Bladder N 4 )3 U COKCOM [IXTN] Nil Nil Nil vur?
NS .0R.77 Bladder Nov 6 LD COSCOM Nil Nil 4N
[ 3 et No VU COSroM Nit Nl
"o W Troop 459 Cn s o T T
HIC Troop 490 uoil [{RY RS Nl [{RT]}] 11
: EE ares T {oni [Tk i XbY o
Tonke s v v e 1, T ones aoax [ AT e i W ilo MU
GENT P LT A I ST RA B R N Y ] HEC T Y ale!? Nal Nl (IR 026 R}
[XEH] LRI Lo ks | ot HHC Tro0p 7717 Can Nil Nl Nit Nu Nil Nil 1
LRRY MARTT L nrsala -t HUEC Hiaop 7117 Can 00ps Nil Nit Nil Nit (LAY R
6890 WX | 7120223 1 Lkt HPC T roep 7217 Can a1 0.608 | OBE [O117 [ICIR) REIRES NG
HRY) 7120208 | (M- THIC T ooop 217 C [URRRS [ 1 0.2 1 2% 1. : RE
6RYY 17005371 oIl Ty T eans sy [ ooy 149 Lul -
[TEh TS | o M SpreAcel a7 P aan Toexy faiy 237 2yyd L
6894 32877 Prosmn | CHC 3R SPL 6AUCH 0084 0278 Nil Nt 0278 036 Ri
UM LR LroersmaR |oo1ae AN KPLOACCR Hhagh Patticulate Coneentration G fable 13) 11,180 (KB
aXuh VIRTT | T sous | CHC i Sp1 6ACCRH 055K | by Nl Nil 1 60s 223 Kl
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V. DISCUSSION

From the preceding data, it can be scen that (a) the vast majority of all ircraft sump drain
samples contain nowhere near the concentration of the particulates specified by AV-E-8593B, but
(b) an unexpectedly high number of aircraft samples (roughly 7 percent) plus numerous points in
the refucling systems showed concentrations far exceeding those specified for this package. The fact
that drain samples taken from operational Army aircraft contained concentrations of the same
order as a test contaminant package criticized for its severity must be placed into proper perspec-
tive. These samples were (a) taken from the lowest point in the aircraft fuel systems, (b) upstream
of on-board uircraft fuel filtration elements, (¢) cumulative in the sense that most residual
particulate matter will settle to the drain area over a period of time, and (d) calculated as oxides of
the elements identificd (Fe, 0,4, Si0,;, Al 0;. CaQ) as opposed to costly quantitative analysis
required for identification of clay-like compounds.

For the above reasons, the data as presented represent a worst possible case with respect to
comparison to specification values. It can be properly argued as to whether any of the contaminants
as identified by sump drain would pass through on-board filtration systems and, even if this
occurred, would result in significant, cumulative damage to the powerplant system. It must be
presumed that such abrasive contaminants as quartz (8i0;) could cause significant fuel pump wear,
malfunction of close-tolerance servo-valves, and degradation/failure of miniature bearings. The
effect of less abrasive calcium aluminum silicates (clays) must be assumed to be minor with
respect to wear and abrasion, but would contribute to degradation of precision components. Iron
oxides are relatively less abrasive than quartz but could contribute to wear and system malfunction.

Probably the most important fact uncovered by thic investigation is that significant quantities
of the exact elements and compounds as specified in AV-E-8593B were, in fact, found in on-board
aircraft fuel systems even though this fuel had been subjected to the extensive upstream filtration
prescribed for Army aviation fuel supply.




VI. ARIZONA ROAD DUST COMPOSITION

Coarse Arizona Road Dust (A.C. Spark Plug Co. Part No. 1543637) is a component in the fuel
contumination package used to meet AV-E-8593B specifications (see Table 1). This dust has
traditionally been reported to be composed of:

4% l(()FL‘qu
68 * 1% SiO,
16 £ 1% Al O,
3% 1%Ca0

1 £ 1%MgO

Since several field samples had been found to contain both the above compounds and more
complex clay-like materials, a separate study on Arizona Road Dust composition was undertaken.
Different batches of AC dust were obtained and unalyzed by X-ray fluorescence spectroscopy. The
results obtained are compiled in Table 14.

One batch (Lot No. C-3006) was separated by particie size, and each particle range analyzed by
X-ray fluorescence for elemental content, These results are shown in Table 15,

X-ray diffraction data for mineralogical species was also obtained on Lot C-306, The diffrac-
tion data and the X-ray fluorescence data permitted the calculation of minerological composition.
The results showed the test dust to be composed of:

72% Ca(Mg) ;3 Na 79 AlSiy 7705 (2 plagiocluse feldspar),
20% Si04 (a-quartz). and
8% Fe3 04 (mugnetite).

TABLE 14, X-RAY FLUORESCENCE ANALYSIS OF YARIOUS LOTS OF AC TEST DUST

Lot Nu. % Al % Si % Ca G Ti % ke Remarks
1049 68 26 8 0.R 0.3 2.0 F indicates ““line"
1138 1.7 304 0.8 0.2 2.1
C-306 69 294 12 0.3 22 Cindivaies “course””
34y 7.4 32.0 1.1 0.3 2.2
C-362 6.9 280 1.1 0.3 2.2
C-364 6.8 279 1.0 0.3 2.2
C.387 6.8 284 0.8 0.2 1.8
Meun 7.1 289 1.0 0.3 2.1
As Oxides 13.4 61.8 1.4 04 3.0
Reported values 1621 16821 | 3¢ 1 |Notreported] 411

TABLE 15, X-RAY ANALYSIS OF VARIOUS SIZED PARTICLES
OF AC TEST DUST. LOT NO. C-306

S'::[";':‘ Su"’:’plc %Al | wsi |wca |t | %k Remarks
>S0u0 0.3 Insurficient sample
500-300 0.3 Insufficient sample
300-102 18.0 4.4 18.8 10 0.3 1.8
102-53 40.4 5.2 21.0 0.2 : 1.6
5226 26.0 5.7 256 I.! 0.2 1.5
<26 15.0 IR 179 a2 0.2 1.1
100.0

il el
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FIGURE 7. SCANNING FLECTRON PROTOMICROGRAPH OF 26- 1O S2um
PARTICLES OF ACTEST DUSTTLOT C-200, TARLE 15)

To verity this compositional conclusion, a sampic of the 20- 1o 5 -um sized (est dust trom Lot
No. C-306 was examined under a scanning electran microscope (SEM). The total image is shown in
Figure 7. The erystallographic form of the almost rectangular particle in the apper right quadrant
appuaitrs to be difterent rom that of the other large particles. In the SEM process, X-rays are emitted
from all arcas of the sample. These Xerays may be analyzed for enerey distribution, and the sample
can be mapped for clemental content. Such element maps were obtamed for silicon and aluminum,
The map for siticon indicated that all pacticles comained siticon, However, the map for aluminum
showed that the previously mentioned particle in the upper right quadrant contained far greater
amounts of aluminum than do the other particles, This indicates that this particle contains both
silicon and aluminum and is chemically different frowy the other particles in Figure 7 which are
quartz. This supports the Neray diffraction data which indicate a mixtuie of mineral types present
in the test dust,

The conclusions drawn from this study are that:

(1Y the ALCLTest Dust s relatively untform in composition over the various particle size
ranges examined, and
]

(2) that A.C. Test Dust is not a mixture ol merab onides as commonly believed but is a
mixture of three mineral specics.

These mineral species (quartz, plagioclase. and magnetite) have signiticantly different propertivs both
from one another and from the propertics of the metal oxides tepicaily listed. These mineral species
are, in two out of three cases (quart2 and magnetite), redundant with other components ol the fuel
contaminant package for AV-L-8593B enuine component qualitication testing. The plagioclase com-
ponent is solt and would notabrade the fervous metals in a fuel system as would quartz, The plagio-
clase thus contributes no severity to the test. Asaresubtahe ALC Test Dust really contributes noth-
ing to the test that the other components of the test pachage do not already accomplish.

[t is interesting to noee that Xeray diffraction stadies of several selected samples obtained in the
ficld trom fuel tanks showed the material to be similar in compaosition to the test package in that
axides of iron, quartz. and nunerals in the plagioclase feldspar Tanily were identified (for example,
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sce Tables 5 and 6). Therefore, the test package does indeed resemble the types of contamindits
Jound in the field but is redundan: in some of its components and contains some material which
would not stress a candidate gas turbine engine component,
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Vil. CONCLUSIONS

Specific conclusions which can be derived from this program are:

(1) The same contaminants as specified in AV-E-8593B are encountered in field Army
aviation operations.

(2) These contaminants are encountered at levels approaching or exceeding AV-E-8593B in a
disproportionately high incidence,

(3) For the above reasons, the contaminant package in AV-E-8593B is valid for the purpose
of accelerated qualification testing of fuel system components,

It should be noted and emphasized that all the aircraft included in this program had been
operating satisfactorily, probably due to on-board fuel filtration systems. The utilization of this
contaminant package for test fluids in AV-E-8593B has undoubtedly benetitted Army aviation flight
satety and maintenance.
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APPENDIX A
-FILTRATION PHOTOMICROGRAPHS FOR NEW MEXICO ANG
TRAINING OPERATION
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APPENDIX A-1
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6466
Biggs AAF Tank 3 Bottoms i :
{See Table 6) 5
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APPENDIX A-2 3
CASCADE FILTRATION PHOTOMICROGRAPHS ;
SAMPLE NO. 6476
Biggs AAF Tank 6 Bottoms 3
(See Table 5) _
+
i

,' .VV
| 1
{ A-11 :
- R

é | £ =y

PRECEDING PAGZ BLANK-NOT FILMED

AL '




~

1000um

4x
500um

- _

-

PRECEDING FAGE BLANK-NOT FILMED




ey

i

A-14

]




g

” y .,
NI s

4x
ax

H2um
26um




'3

8um

A-16

4X




APPENDIX A-3
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6486

Biggs AAF Tanks 3/4 Nozzle (After Filter)
{See Table b)
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APPENDIX A-4
8-um FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6471
(Center of Tank 4)
and
SAMPLE NO. 6481
(Center of Tank 6)

Biggs AAF
{See Table 5)
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APPENDIX A5
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6496

OH-68A, 71-20667
{See Table 5)
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APPENDIX A-6
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6499

AH-1G, 70-15953
(See Table 6)
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APPENDIX A-7
8-um FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6487
(AH-1G, 71-20984 Aft Drain)
and
SAMPLE NO. 6492
(AH-1G, 71-20984 Front Drain)

Biggs AAF
(See Table G)
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APPENDIX B
FILTRATION PHOTOMICROGRAPHS FOR OPERATION REFORGER

B-1
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APPENDIX B-1

CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6594
AH-1G, 70-16045 Front Drain
(See Table 9)
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APPENDIX B-2
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO, 6603

OH-88A, 71-20497
(See Table 9)
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APPENDIX B-3

CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6614

AH-1G, 71-21031 Front Drain
{See Table 9}
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APPENDIX B-4
8-um FILTRATION PHOTOMICROGRAPHS
REFORGER—-AIRCRAFT

(See Table 8)
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SAMPLE 6578
UH-1H, 71-20142 (LF)

8u 4X
SAMPLE 6580
AH-1G, 67-16721 (F)
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; SAMPLE 6587
- UH-1H, 67-17672 (LF)

SAMPLE 6588
¥ UH-1H, 67-17672 (RF)

: B-24
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SAMPLE 6589
OH-58A, 88-16977

SAMPLE 6601
OH-58A, 70-15561
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8u

SAMPLE 6604 5

OH-58A, 70-16172 ;

SAMPLE 6615 !

OH-58A, 71-20838 Xk
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SAMPLE 6621
CH-47C, 69-17126 (LF)

a-l‘ -,
w
. “ 4 o
¥ )
Vet
4 .
L4
\

SAMPLE 6622
CH-47C, 69-17126 (RF)
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APPENDIX B-&

8-um FILTRATION PHOTOMICROGRAPHS
REFORGER—-FUEL SUPPLY POINTS

{Sec Table 8)
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SAMPLE 6596
Bladder No. 2, POL Rapid Refill Point
{at filter separator after filtration)

-

Bu

SAMPI_E 66GCO
Railway Tak Car, 007 0-323 9P
{at filter separator after Hiltration)
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APPENDIX C
FILTRATION PHOTOMICROGRAPHS FOR OPERATION BRAVE SHIELD XIV
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APPENDIX C-1
8-um FILTRATION PHOTOMICROGRAPHS
BRAVE SHIELD XIV-AIRCRAFT

(See Table 7)
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SAMPLE 6554
OH-58A, 71.20763
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SAMPLE 6559
OH-58A, 70-15254

SAMPLE 6560
UH-1H, 68-16239 (LF)
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UH-1H, 66-00856 (LF)
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SAMPLE 6563
UH-1H, 65-9967 (LF)
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OH-68A, 70-16311

SAMPLE 6567
UH-1H, 73-21786 (LF)
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APPENDIX C-2
8-um FILTRATION PHOTOMICROGRAPHS
BRAVE SHIELD XiV-~-TANK TRUCKS

(See Table 7)
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8u

SAMPLE 6561
Truck No. 2
{Rear Cell, after filtration)

SAMPLE 6566
Truck No. 3
{Nozzle Sample)
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APPENDIX D
FILTRATION PHOTOMICROGRAPHS FOR OPERATION BRAVE SHIELD XV
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APPENDIX D1
CASCADE FlLTRATlON PHOTOMICHOGRAPHS
SAMPLEN
OH-68A, 70-15613
{See Table 1)
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APPENDIX D-2
SAMPLE NO. 6665

il

OH-58A, 72.21194
{See Table 11)
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APPENDIX D-3
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6666

OH-58A, 70-16150
(See Table 11)
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APPENDIX D-4
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6667

OH-58A, 69-16096
{See Table 11)
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APPENDIX D-6
8-urn FILTRATION PHOTOMICROGRAPHS
BRAVE SHIELD XV—AIRCRAFT

{See Table 10)
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8u 4X
SAMPLE 6642
UH-1H, 70-16293 (LF)

8u 4X
SAMPLE 6643
UH-1H, 70-16293 (RF)
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8u 4X
SAMPLE 6646
UH-1H, 69-15314 (LF)
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SAMPLE 6647
UH-1H, 69-16314 (RF)
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8u
SAMPLE 6648
UH-1H, 69-16863 (LF)

8u
SAMPLE 6649
UH-1H, 69-158563 (RF)
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8u 4X
SAMPLE 6650
UH-1H, 64-13536 (LF)

Bu 4X
SAMPLE 6651
UH-1H, 64-13536 (RF)
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SAMPLE 6654
UH-1H, 69-1600G (LF)

¥
SAMPLE 6655
UH-1H, 69-16000 (RF)
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SAMPLE 6656
UH-1H, 69-15315 (LF)

oyl

SAMPLE 6657
UH-1H, 69-15316 (RF)
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8u 44X
SAMPLE 6658
UH-1H, 65-9749 (LF)

SAMPLE 6659
UH-1TH, 65-8749 (RF)
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SAMPLE 6660
UH-1H, 70-16470 (LF)

SAMPLE 6661
UH-1H, 70-16470 (RF)
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SAMPLE 6662
UH-1H, 69-15318 (LF)

8u 4% )
SAMPLE 6663
UH-1H, 69-15318 (RF)
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8u ax
SAMPLE 6668
CH-54A, 67-18430 (F)
Bu 4x
. SAMPLE 6669
CH-54A, 67-18430 (A)
137
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SAMPLE 6670 b
CH-54A, 67-18420 (F)

’ SAMPLE 6671
CH-54A, 67-18420 (A)
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SAMPLE 6672

CH-54A, 67-18424 (F) =
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[ SAMPLE 6673
‘ CH.54A, 6718424 (A)
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APPENDIX D-6
8-um FILTRATION PHOTOMICROGRAPHS
BRAVE SHIELD XV-TANK TRUCKS

(See Table 10)
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8u

SAMPLE 6662
Tank Truck No. 47
{Unfiltered)

4X

8u

SAMPLE 6653
Tank Truck No. 47
(After Filter)
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APPENDIX E
FILTRATION PHOTOMICROGRAPHS FOR OPERATION -
GALLANT CREW -
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APPENDIX E-1
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6895

CH-47C, 70-15008 Left Front Drain
(See Table 13)
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APPENDIX E-2
CASCADE FILTRATION PHOTOMICROGRAPHS
SAMPLE NO. 6914

CH-47C, 70-15019 Right Front Drain
{See Table 13)
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APPENDIX E-3
8-um FILTRATION PHOTOMICROGRAPHS
GALLANT CREW-AIRCRAFT

(See Table 12)
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SAMPLE 6890
UH-1H, 71.20223 (LF)

SAMPLE 6891
UH-1H, 71-20223 (RF)
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SAMPLE 6897
CH-47C, 70-16027 (LF)

SAMPLE 6898
CH-47C, 70-15027 (RF)
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SAMPLE 6915
CH-47C, 70-15019 (RR)

SAMPLE 6916
CH-47C, 70-15019 (LF)
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SAMPLE 6917
CH-47C, 70-15019 (LR)

SAMPLE 6885
OH-68A, 71-20654
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